Concrete structures can be exposed to various aggressive environments which cause significant degradations. In practice, different kinds of degradation are observed. Mostly, chemical degradations occur. The penetration of ionic species from the environment into the cementitious matrix induces chemical reactions which can seriously deteriorate the structural properties of concrete materials. The modelling of the ionic transport coupled with a dissolution/precipitation process gives reliable results. At constant temperature and constant relative humidity, transport of ions in porous medium is influenced by porosity, tortuosity and binding. Chemical binding is defined as being solid phase precipitation while physical binding is associated to the adsorption of ions at the hydrates surface. This paper focuses on the characterization of the physical binding in cementitious materials by modeling adsorption of ions at the surface of cement hydrates, especially calcium silicate hydrates (C-S-H). It is accepted that C-S-H mainly contribute to fix ions in solution, particularly because of their high specific surface area. Moreover, C-S-H have significant surface properties highlighting specific adsorption of ions. Calcium ions appear as being the potential determining ions; Ca 2+ adsorption determines the surface charge of C-S-H. This adsorption is influenced by secondary ions, like alkali or chloride ions. This work presents the study of C-S-H and hydrated C 3 S samples in sodium chloride, cesium chloride and lithium chloride solutions. Analysis of solutions composition and zeta potential measurements made appear specific adsorption of Na + , Cs + , Li + and Cl -ions. Chloride binding will be especially analysed. Binding properties seemed to be independent on the alkali cations. An interfacial modeling based on surface complexation will be shortly presented.
INTRODUCTION
Ionic binding in hydrated cement paste is an important topic, especially chloride binding for predicting a corrosion risk in reinforced concrete. In cement pastes, chloride binding comes from chemically bound chloride in chloroaluminates and from physically bound chloride on hydrates surfaces. This paper presents a characterization of the physical binding in hydrated tricalcium silicate (C 3 S). Tricalcium silicate is an aluminate-free phase which allow to prevent chloroaluminates formation. C 3 S samples was studied in different environments (NaCl, LiCl and CsCl). C 3 S is the main component of anhydrous cement. Hydration products of C 3 S are calcium silicate hydrates (C-S-H) and portlandite (CH). Mass content of C-S-H is around 80 %. Binding capacity of C 3 S is due to the surface properties of C-S-H and their high specific surface area (≈ 200-300 m 2 /g) [1, 2] .
C-S-H are poorly cristalline. They have a layered structure, similar to tobermorite. C-S-H are characterized by a variable stoechiometry. The stoechiometry of C-S-H is defined by the Ca/Si molar ratio (C/S) which is between 0.7 and 2.0. The layered structure of C-S-H evolves as a function of C/S. For lowest C/S, C-S-H structure is composed by infinite silicon tetrahedra chains bound between CaO planes. As C/S increases, silicate chains are gradually broken. For the highest C/S, silicates chains are mainly composed by dimers. In C 3 S pastes, C/S ratio of C-S-H is between around 1.50 and 2.1 [3, 4] . C-S-H have a negative surface charge [5] . The evolution of the C-S-H structure as a function of C/S do not change the intrinsic charge of C-S-H [6] . However, intrinsic surface charge of C-S-H is modified by specific adsorption of calcium ions. This adsorption is dependent on the solution composition and can be perturbated by specific adsorption of alkali or chloride ions [7] [8] [9] [10] .
Previous works have shown that surface properties of C-S-H could be influenced by the cationic species (Na + , Li + or Cs + ) in the case of alkali chloride [8] . Hydration of ions was assumed to be a significant parameter. Some results on pure silica made appear different surface densities as a function of alkali cations [5, 6] . Different cationic adsorption could explain the behavior of each salt. This paper will propose a study on the influence of different alkali chloride on surface properties of C-S-H and on the chloride binding in C-S-H and C 3 S pastes.
MATERIALS AND METHODS
Different cement-based materials were used. C-S-H gel, hydrated C 3 S pastes and compacted C-S-H samples were studied in different alkali solutions. C-S-H gel were synthetized from aerosil silica (Aerosil 200 Degussa) and from calcium oxide. Calcium oxide was thermally treated to prevent carbonation and hydration. Silica and calcium oxide were mixed in deionized and decarbonated water. Different C/S ratios were prepared (from 0.6 up to 2.4). Equilibrium was reached after three weeks exposure with periodical agitation. C-S-H syntheses were validated by X-ray diffraction and NMR spectrometry. C-S-H were synthetized in the presence of LiCl, CsCl and NaCl. At the equilibrium, C-S-H suspensions were analysed by zeta potential measurements.
2nd International Symposium on Advances in Concrete through Science and Engineering 11-13 September 2006, Quebec City, Canada Hydrated C 3 S pastes have been hydrated during twenty-five years. They are assumed to be totally hydrated. Thickness of C 3 S samples was around 1.20 mm; diameter was 25 mm. Composition of hydrated C 3 S pastes was determined by thermogravitometric analyse (TGA). The CH mass content was found around 15-20 %, and then C-S-H mass content was estimated between 80 % and 85 %. Binding tests were made by immersing the samples in 20 ml salt solutions at different concentrations during several weeks. C 3 S samples mass was between 0.5 g and 1.5 g. C-S-H powder was compacted to form samples with a thickness around 2 mm and a diameter equal to 25 mm. C/S ratio of these compacted C-S-H is 1.70. Mass of C-S-H compacts was around 2.0 g. C-S-H and C 3 S pastes were stored in saturated Ca(OH) 2 solutions. Binding tests were carried out in saturated portlandite solutions in the presence of different salt concentrations. Experiments were made at room temperature. Equilibrium chloride concentrations were determined by titration measurements. In the case of NaCl, two methods were used to determine ionic binding. Firstly, chloride concentrations were measured at initial time and after equilibrium for a given salt concentration; chloride binding corresponds to the concentration difference between initial and equilibrium time. Secondly, the samples, after equilibrium, were immersed in a given volume (100 ml) of saturated Ca(OH) 2 for releasing alkali and chloride ions. This releasing test has been repeated until chloride was not detectable. By these two methods, chloride binding was determined. It appeared that the releasing method was more reliable. It was certainly due to the more precise measurements for low concentrations than for high concentrations. We note that the porosity of the samples, i.e. the solution volume in the samples, was measured and was taken into account in calculations.
IONIC INTERACTIONS MODELING
Binding of ions in C-S-H and C 3 S samples has been shown in several studies [6, 13, 14] . This binding is characterized by a specific adsorption of ions on C-S-H surface This part presents the modeling of the adsorption of ions on C-S-H surface by a surface complexation model. It was shown that ionic interactions on C-S-H surface are mainly controled by the adsorption of Ca 2+ ions, which are called potential determining ions [7, 9] . Adsorption of secundary ions influences the surface properties without prevailing. Adsorption of ions was assumed to be equivalent to the formation of surface complexes. In the presence of XCl, with X=Na, Li or Cs, several surface complexation reactions occur :
These reactions can be defined by the following adsorption constants:
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Stern's double layer model is used to describe interface C-S-H/solution (Fig.1) . According to the double layer model, interface can be considered in three domains: C-S-H surface, compact layer and diffuse layer [15, 16] . These three regions are characterized by surface charge densities σ 0 , σ 1 and σ 2 respectively. σ 0 is the intrinsic charge density of C-S-H; σ 0 = -0.66 C/m 2 was determined in [10] by taking into account tobermorite structure defined by Hamid [17] and by using bond-valence method [14, 18, 19] . σ 1 is the adsorption charge density; σ 1 is the sum of contributions σ 
where {a i } and z i are the activity and the valence of species i respectively, φ d is the Helmholtz potential, N s is the maximum number of surface sites (≈ 5 sites/nm 2 ), R is the gas constant (8.314 J.mol -1 .K -1 ), T is the temperature (K) and F is the Faraday constant (96 485 C.mol -1 ). The charge density of the diffuse layer σ 2 is defined by the following expression: 2 solutions. Experimental results were obtained as described above. Referenced data were taken from studies on hydrated C 3 S pastes by Zibara [20] and Maltais [21] . Specific surface area was assumed to be equal to 270 m 2 /g [9] , accordingly with references [1] and [2] . Model was applied with adsorption constant values given in previous works [9, 10] :
RESULTS AND DISCUSSION

Chloride binding measurements
Figure 2 presents chloride binding results for hydrated C 3 S pastes, C-S-H gel and compacted C-S-H in the presence of NaCl in saturated Ca(OH)
Adsorption of chloride ions is very low. Chloride binding is composed by an electrostatic attraction (or repulsion) and by a low specific adsorption. The properties of chloride adsorption was determined from results on C-S-H gel [9] . These adsorption properties are reliable with C 3 S pastes and compacted C-S-H (Fig.2) . Chloride binding is expressed in mole of adsorbed ions per mole of silicon in the system (mol/mol Si ). The molar amount of silicon is equivalent to the molar amount of C-S-H. CH mass content and the molar mass of C-S-H with C/S=1.5 (M = 200 g/mol) were taken into account to calculate the C-S-H content in hydrated C 3 S pastes. References are from Zibara [20] and Maltais [21] .
Influence of cation species on chloride adsorption was presented in figure 3 for calcium concentrations ranging up to 100 mmol/l. Results of chloride binding did not show significant differences between NaCl, LiCl and CsCl. Binding values are very similar and the adsorption constant of chloride ions does not seem to be modified. Several works had shown that adsorption properties of Cs + , Na + and Li + would be different on C-S-H [6] but also on silica [11, 12] . That could be influent on chloride binding, but figure 3 shows that the influence of cation adsorption on chloride adsorption seems to be negligible. 2nd
Chloride binding is usually low. The determination from immersion tests by comparing initial and equilibrium solutions is the most efficient method. However, the precision of the measurements is often in the same order to magnitude than the concentration variation due to chloride binding. That could explain a certain dispersion of experimental data in literature. As presented, experimental data given in this present paper are similar to binding values from references [20] and [21] . Nevertheless, Hirao et al. found chloride binding values much larger [22] . Figure 4 presents microprobe analysis of C-S-H compacts in the presence of 200 mM NaCl in comparison with previous data. This analyse of solid could be a complementary way to characterize ionic binding. C 3 S and compacted C-S-H samples were de-dried. By this method, adsorbed ions were assumed to be bound to C-S-H surface after de-drying. The layered structure of C-S-H is also a factor for avoid a releasing of adsorbed ions during dedrying. Binding of chloride ions was determined by the Cl/Si ratio which can be compared to previous chloride binding expressed in mol/mol Si . Results are greatly reliable with data obtained by concentration variation (Fig. 4(b) ). Hydrated C 3 S and compacted C-S-H samples gave similar results with a good precision. As C-S-H compacts were homogenous, chloride binding was determined along all the thickness of the samples. For C 3 S samples, analyses have been made on C-S-H area which were identified from silicon profile (Fig. 4(a) ). 
Zeta potential measurements
Zeta potential measurements have been carried out on C-S-H suspensions in the presence of different salts (NaCl, LiCl and CsCl) (Fig.5) . The salt concentrations were 50 and 100 mmol/l. Zeta potential measurements are able to inform on adsorption properties for the different systems. The evolution of zeta potential of C-S-H as a function of calcium concentration is assumed to be due to adsorption of ions Ca
2+
. Adsorption of alkali cations is characterized by a shift of the curve along x-axis. Curve shifts are not clearly observed in figure 5 because the salt concentrations were not enough significant. Chloride adsorption is too low to influence zeta potential values. Contrary to zeta potential values given by Viallis [8] , this present work did not show various behaviors between the different alkali cations. Zeta potential, and thus surface charge, seemed evolves as a function of calcium concentration similarly for the various salts. It could be assumed that the adsorption properties of monovalent ions like Cs + , Li + and Na + are not greatly different. That would confirm the results of chloride binding on C 3 S and C-S-H compacts in figure 3 . However, potentiometric titrations on silica had shown an influence of alkali cations on surface charge density [11, 12] . But this influence was much less sensitive for alkali bindings [23] . In the case of C-S-H, binding of Cs + ions appeared more important than bindings of Na + and Li + which appeared equivalent [6] . In the presence of hydroxyl ions, K + and Na + were adsorbed on C-S-H similarly [13] . As mentioned by zeta potential measurements in figure 5 , adsorption properties of Cs + , Li + or Na + could appear very close [11, 23] . Alkali bindings on C-S-H are presently in process in order to give more informations on the influence of alkali cations and to be compared to previous results from reference [6] .
CONCLUSION
This paper has presented a study on chloride binding in different environments. Chloride binding was measured by several methods which showed similar results independently on alkali cations. Experimental tests of chloride binding need a significant C 3 S or C-S-H amount compared to solution volume for increasing measurements precision. Releasing tests after immersion in salt solutions could appear an adapted method like solid analyses by microprobe. Further systems will be tested. Zeta potential measurements on C-S-H suspensions have confirmed the weak differences between the three studied systems, i.e. NaCl, LiCl and CsCl. Further works will be made on alkalis binding. Specific adsorption of 2nd International Symposium on Advances in Concrete through Science and Engineering 11-13 September 2006, Quebec City, Canada Cs + , Li + and Na + will be analysed in order to confirm the first observations given in this present paper.
